with pulmonary symptoms (an entirely different situation than screening asymptomatic individuals).
Remark: Screening for lung cancer is not a substitute for stopping smoking. The most important thing patients can do to prevent lung cancer is not smoke.
Remark:
The most effective duration or frequency of screening is not known.
For individuals who have accumulated
fewer than 30 pack-years of smoking or are either younger than age 55 or older than 74, or individuals who quit smoking more than 15 years ago, and for individuals with severe comorbidities that would preclude potentially curative treatment and/or limit life expectancy, we suggest that CT screening should not be performed (Grade 2C) .
*Recommendations 3.2.1 and 3.2.2 were approved through the American College of Chest Physicians (ACCP) Lung Cancer Guidelines
(3rd ed) process. 1 Recommendations 3.4.1 and 3.4 .2 were approved through a previous multisociety guideline development process and published elsewhere 2 
and are included here for completeness. The majority of panel members at the ACCP Lung Cancer Guidelines (3rd ed) meet ing voted in agreement with both recommendation 3.4.1 ( . 80% of panelists) and 3.4.2 ( . 50% of panelists); ACCP Lung
Cancer Guidelines (3rd ed) recommendations require 67% approval as described more fully in the methodology article. 1 A lthough lung cancer has a similar incidence as other common cancers (ie, breast, prostate, and colorectal), it causes 3 to 4 times as many deaths. 3 This discrepancy is often attributed in part to the fact that screening for breast, prostate, and colon cancer has been commonly practiced, whereas it is not for lung cancer. This article focuses on chest radiographs (CXRs), sputum analysis, and low-dose CT (LDCT) imaging as screening tests for lung cancer because these have been addressed by large randomized trials. Other tests such as blood tests, autofl uorescence bronchoscopy, or exhaled breath analysis are not addressed because they are under development and have not yet been evaluated in randomized trials assessing a mortality benefi t.
Methods
The following questions were selected as being most relevant. All pertain to asymptomatic, otherwise healthy adults with no history of lung cancer who are at an elevated risk for lung cancer (see also Table 1S ):
• What is the rate of death from lung cancer (ie, lung cancer mortality) among individuals at elevated risk of lung cancer who undergo screening with LDCT compared with either no screening or screening with another modality? • What is the rate of death or complications resulting from biopsies of detected lesions among individuals at elevated risk of lung cancer who undergo screening with LDCT compared with either no screening or screening with another modality?
30 pack-years or more and either continue to smoke or have quit within the past 15 years, we suggest that annual screening with low-dose CT (LDCT) should be offered over both annual screening with CXR or no screening, but only in settings that can deliver the comprehensive care provided to National Lung Screening Trial participants (Grade 2B) .
Remark: Counseling should include a complete description of potential benefi ts and harms, so the individual can decide whether to undergo LDCT screening.
Remark: Screening should be conducted in a center similar to those where the National Lung Screening Trial was conducted, with multidisciplinary coordinated care and a comprehensive process for screening, image interpretation, management of fi ndings, and evaluation and treatment of potential cancers.
Remark: A number of important questions about screening could be addressed if individuals who are screened for lung cancer are entered into a registry that captures data on follow-up testing, radiation exposure, patient experience, and smoking behavior.
Remark: Quality metrics should be developed such as those in use for mammography screening, which could help enhance the benefi ts and minimize the harm for individuals who undergo screening. Funding/Sponsors: The overall process for the development of these guidelines, including matters pertaining to funding and confl icts of interest, are described in the methodology article. 1 The development of this guideline was supported primarily by the American College of Chest Physicians. The lung cancer guidelines conference was supported in part by a grant from the Lung Cancer Research Foundation. The publication and dissemination of the guidelines was supported in part by a 2009 independent educational grant from Boehringer Ingelheim Pharmaceuticals, Inc. COI grids refl ecting the confl icts of interest that were current as of the date of the conference and voting are posted in the online supplementary materials. Disclaimer: American College of Chest Physician guidelines are intended for general information only, are not medical advice, and do not replace professional medical care and physician advice, which always should be sought for any medical condition. Theevaluation or treatment in patients with lung cancer. Furthermore, it is inherent that a relatively large number of people must be screened to fi nd a small number with the disease who might benefi t from screening. A situation is thus created where the number of patients benefi ting may seem numerically small compared with treatment interventions. Screening also assumes that effective treatment is available (and given) if lung cancer is found; in the absence of effective treatment, screening by defi nition can never result in a benefi t. Thus, the concepts, outcomes, and magnitude of differences are fundamentally different for a screening test than for a treatment intervention. Because the outcomes and issues related to screening are not intuitive and are markedly different from what most clinicians and people in general are used to, it is important that suffi cient time is taken by clinicians involved and patients considered for screening to explain and understand the data and the issues. Studies have shown that physicians poorly understand the data and concepts related to a screening intervention. 4, 5 The ultimate goal of a screening test is to reduce the chance of dying of the disease that is being screened for without causing harm in the process. Thus, overall mortality in the population and mortality specifi cally from lung cancer are the primary outcome measures. The assumption is that screening will fi nd lung cancer at an earlier stage, when more effective treatment is available. The key surrogate measure, therefore, is a reduced number of patients with advanced stage disease (stage IV) at diagnosis because these patients most consistently account for the rate of death from lung cancer. Because the goal of a screening test is to affect the population, outcome measures must be assessed relative to this population (eg, stage distribution of lung cancers in the population). As stated earlier, the rate of death from lung cancer in the population is appropriate, but the survival of only those patients given a diagnosis of lung cancer does not provide an assessment of the impact of screening.
A concept that often is unrecognized is the fact that the process of screening alters the nature of the disease. A more exact wording is that the mixture of patients with the disease is different in a screened vs an unscreened cohort. All diseases, including lung cancer, consist of a spectrum, with some patients having an aggressive form and others a more indolent form of the disease. A very rapidly growing lung cancer (eg, most small cell lung cancers) will advance from an undetectable state to a symptomatic or incurable state during the interval between screening interventions. A very slow growing cancer, on the other hand, exists in a detectable, yet early stage for a prolonged period and, thus, is much more likely to be detected than tumors in an unscreened population.
• What is the rate death or complications resulting from radiation exposure among individuals at elevated risk of lung cancer who undergo screening with LDCT compared with either no screening or screening with another modality? 2 This multisociety systematic review and guideline explicitly focused on LDCT screening and provided the basis of the LDCT screening recommendations that are part of the third edition of the ACCP Lung Cancer Guidelines. The process, inclusion and exclusion criteria, and methods of data abstraction for these questions have been described elsewhere as has the method of approval for this portion of the guideline. 2 In this article, we summarize some of the key fi ndings from the multisociety review as well as provide a qualitative assessment and discussion of related issues regarding LDCT screening that extend the earlier publication. 2 For the latter two questions (regarding CXR and sputum screening) the search was carried out as outlined by Lewis et al 1 in "Methodology for Development of Guidelines for Lung Cancer" in the ACCP Lung Cancer Guidelines. 1 Details of the search strategy are available on request. Only randomized controlled trials (RCTs) reporting a mortality outcome were included, and the search was limited to English language and articles published since 2000 (to correspond to the fi rst edition of the ACCP Lung Cancer Guidelines). New studies or studies with updated mortality data were included and reviewed together with those identifi ed in the fi rst edition of the ACCP Lung Cancer Guidelines.
The CXR and sputum screening recommendations were approved according to the third edition of the ACCP Lung Cancer Guidelines process as described by Lewis et al. 1 The data for LDCT screening was presented and the recommendations discussed at the ACCP Lung Cancer Guidelines (3rd ed) panel meeting and included panel voting with the understanding that the recommendations had already been approved by the ACCP (and other organizations) through the multisociety guideline development process and represented established policy.
Background-General Issues Related to Screening
There are several aspects about screening for a disease that make assessment of this intervention different from assessment of treatment of a disease. Screening is applied to an asymptomatic healthy population. Because the majority of screened individuals are likely not to have the disease and would go on to live their lives normally if screening were not done, any potential harms resulting from screening are seen in a different light than potential complications of e81S for patients with higher smoking exposure (RR, 0.81; 95% CI, 0.67-1.00). 14 These studies enrolled men aged . 45 years who had smoked at least one pack per day in the year prior to enrollment (from 1973-1978 , with data reported for 9 years of follow-up). Thus, the risk of developing lung cancer was somewhat low, and with a total of 20,426 patients, it is possible that a signifi cant lung cancer mortality reduction might have been missed if applied to a higher risk or larger cohort. Limited data about harms were reported, but two deaths occurred in patients who were found to have benign disease.
Four RCTs compared more frequent CXR screening (every 4 or 6 months) with less frequent screening (CXR every 1-3 years). 13, 15, 18, [19] [20] [21] [22] [23] Some of these studies also involved sputum screening (in both arms). 18, 19 None reported a reduction in lung cancer mortality; in fact, all reported a slight increase in lung cancer deaths in the more frequent screening arms. A metaanalysis showed an RR of 1.11 (95% CI, 0.95-1.31). 11 The same results were reported in a Cochrane metaanalysis, which concluded that there was no evidence to support screening with CXR. 12 The patients were primarily men, with starting ages between 35 and 45 years, and were limited to smokers in two studies. The total number of patients involved was 81,303. One study (n 5 55,034) enrolled patients between 1960 and 1964; the others enrolled patients during the 1970s. 24 Furthermore, the compliance in these studies was generally only about 60%. Of note, these studies were not designed to assess screening vs no screening because they did not have a true observationonly arm. 7, 8 Since 2002, only one additional RCT has been conducted (the Prostate, Lung, Colorectal and Ovarian trial [PLCO] ), and the results with respect to CXR screening for lung cancer were recently reported. 9 From 1993 to 2001, 154,901 participants aged 55 to 74 years were randomized at 10 sites to a posteroanterior CXR at baseline followed by an annual CXR for 3 more years vs usual care. The participants were followed until either December 2009 or a maximum of 13 years. Ten percent were current smokers, 42% former smokers, and 45% never smokers; 11% had a fi rst-degree relative with lung cancer. Compliance with screening was fair (decreasing from 87% at baseline to 79% at year 3) and was worst in those at highest risk (87% overall in never smokers vs 79% in current smokers). 25 In contrast to the earlier studies, the contamination rate in the control arm was relatively low (11% had a CXR).
The cumulative lung cancer mortality was the same in both arms (RR, 0.99; 95% CI, 0.87-1.22; P 5 .48) ( Fig 1 ) . This was not affected by the smoking status, with similar RRs for never, former, and current smokers. Of all participants, 21% matched the entry criteria This fact underscores the need to look at outcome measures that assess the whole population as well as at the need to focus on randomized trials of screening.
Lung cancers may be so indolent that they never progress to a state of causing symptoms or limiting life. If such a cancer is diagnosed during life, it is called an overdiagnosed cancer. However, there is no way to defi nitively identify such a tumor except in retrospect. Therefore, the concept of overdiagnosis is useful when assessing outcomes for a screened vs an unscreened population in retrospect. If more cancers are diagnosed in the screened population but lung cancer mortality is unchanged, then by defi nition, these are overdiagnosed cases (which includes cases for which treatment was ineffective or not administered). However, for a clinician who is trying to predict the prognosis for a patient, the concept of overdiagnosis has little practical application. 6 A key concept is that screening is a process, not simply a test. It is a complex interplay of selection of a population with suffi cient risk (and low enough competing risks), the value of the screening test, the interval between screening tests, the availability of effective treatment, the risk of complications or harms resulting from screening, motivation of the screened individuals, and the rigorousness of compliance with screening and with treatment recommendations. Each factor infl uences the outcomes of screening and can tip the balance in favor of or against screening. Focusing only on the screening test itself ignores the fact that all the pieces need to work in concert for screening to be effective.
Results

Screening With CXR or Sputum Analysis
The fi rst edition of the ACCP Lung Cancer Guidelines summarized the data from RCTs using CXR or sputum analysis to screen for lung cancer. 7, 8 The present search yielded one new RCT that assessed the value of screening with CXR or sputum, 9 three systematic reviews, [10] [11] [12] and two repeat publications with updated data. 13, 14 These were combined with studies identifi ed in the fi rst edition and in the following analysis.
Two studies analyzed the addition of sputum analysis every 4 months to annual CXR vs annual CXR alone. [15] [16] [17] These studies had a matching design and accrued similar patients, which led to a recent combined analysis with updated follow-up. 14 A nonsignifi cant trend to reduction in lung cancer mortality was observed with the addition of sputum analysis (rate ratio [RR], 0.88; 95% CI, 0.74-1.05). Analysis of subgroups revealed that the trend was seen particularly for squamous cell cancer (RR, 0.79; 95% CI, 0.54-1.14) and especially screening for lung cancer using CXR. No clear documentation of harms resulting from screening is available from these studies.
Recommendations
3.2.1. In patients at risk for developing lung cancer, screening for lung cancer with CXR once or at regular intervals is not recommended (Grade 1A) .
Remark:
These results should not be interpreted as diminishing the role of CXR in evaluating patients with pulmonary symptoms (an entirely different situation than screening asymptomatic individuals).
3.2.2.
In patients at risk for developing lung cancer, screening for lung cancer with sputum cytology at regular intervals is not suggested (Grade 2B) .
Screening With LDCT
A systematic review 2 of LDCT screening for lung cancer from 1996 to 2011 identifi ed eight RCTs [26] [27] [28] [29] [30] [31] [32] [33] and 13 prospective cohort studies [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] that met the inclusion criteria. These studies focused on middleaged or older individuals with a history of smoking; however, the age criteria and extent of smoking exposure varied. It is diffi cult to assess the average risk of developing lung cancer in the cohorts included in the different studies; for those meeting the minimum criteria, the estimated risk of developing lung cancer within the next 10 years varied from 2% in some studies to about 0.5% in others .
Results mature enough to evaluate the effect of LDCT screening on the rate of death from lung cancer in the screened population is available from only three RCTs. 26, 30, 33 The NLST found a dramatic 20% reduction in lung cancer mortality in participants screened by LDCT scan compared with those screened with CXR (RR, 0.80; 95% CI, 0.73-0.93; P 5 .004). 26 No difference in lung cancer mortality was reported in the Detection and Screening of Early Lung Cancer by Novel Imaging Technology and Molecular Essays Trial (DANTE) (RR, 0.97; 95% CI, 0.71-1.32; P 5 .83) 30 or the Danish Lung Cancer Screening Trial (DLCST) (RR, 1.15; 95% CI, 0.83-1.61; P 5 .06). 33 The NLST is by far the larger study (53,454 vs 2,811 and 4,104 participants), involved a longer follow-up (median, 6.5 vs 2.8 and 4.8 years), and included participants at slightly higher risk (30 vs 20 and 20 pack-years of smoking) compared with DANTE and DLCST, respectively. The NLST involved three annual rounds of screening vs fi ve in DANTE and DLCST, with the comparison being with CXR in NLST and with observation alone in DANTE and of the National Lung Screening Trial (NLST); there was no difference in lung cancer mortality for this subset either.
Although the incidence of cancer varied significantly by smoking history, the RR between the screened and control arms did not (incidence per 10,000 person-years, 3.1, 23, and 83; RR, 1.06, 1.12, and 1.00 for never, former, and current smokers, respectively). Cumulative lung cancer incidence was slightly, but not signifi cantly higher in the screened arm (20.1 vs 19.2 per 10,000 person-years; RR, 1.05; 95% CI, 0.98-1.12). The absolute number of stage III and IV non-small cell lung cancers (NSCLCs) was the same, although there were more stage I cancers in the screened vs usual care arm (462 vs 374). There was no difference in the histologic subtypes of cancer between arms. The treatment given for NSCLC was also similar.
The long follow-up in the PLCO is both a strength and a weakness. Only 18% of screening arm cancers were detected (12% detected between screening rounds [interval cancers], 11% in nonadherent participants, and 59% during follow-up [after screening]), potentially diluting the screening effect. However, no mortality difference was apparent when the results were analyzed after only 6 to 7 years (4 years of screening and 2-3 years of follow-up to detect potentially missed cancers in the usual care cohort).
In summary, a large, appropriately designed trial found no benefi t to annual CXR screening vs no screening. Potential limitations caused by inclusion of lowrisk participants (never smokers) or long follow-up are countered by similar results in subgroup analyses (still involving large cohorts). Although because of design differences the PLCO is not directly comparable with the earlier studies, taken together, these studies demonstrate clearly that there is no benefi t to mature additional RCTs of LDCT screening involve about 25,000 participants (nearly one-half the size of the NLST); it will take until approximately 2015 before most of these additional data are available.
A concern that often is raised is the high rate of fi nding an abnormality on an LDCT scan that is not, in fact, cancer. Across studies, the average nodule detection rate was around 20% ( Fig 2 ) but varied from 3% to 30% in RCTs and 5% to 51% in cohort studies. In general, there is a trend toward lower nodule detection rates in repeat screening rounds, but the data and reporting are inconsistent. Most studies reported that . 90% of nodules were benign. Perhaps the best way to assess the potential negative impact of this issue is the rate of invasive procedures that were performed and how often this was undesirable, meaning performed for benign disease. In the organized, controlled setting of the LDCT randomized and cohort screening studies (almost all of which involved major academic medical centers), the rate of invasive procedures was low, although it varied from 1% to 4% ( Fig 3 ) . However, about 25% of invasive procedures were done in patients with what was eventually shown to be benign disease (range, 0%-45%) ( Fig 3 ) .
DLCST. Similar high compliance (95%, 91%, and 96%) and low contamination rates (4.3%, 6.1%, and 2.8%) were reported in the NLST, DANTE, and DLCST, respectively. 30, 47, 48 Taken together, the data support a signifi cant reduction in deaths from lung cancer (291 vs 474; OR, 0.82; 95% CI, 0.72-0.94; P 5 0004) resulting from several rounds of LDCT screening of individuals at risk. 2 DANTE and DLCST were too small to expect to show any statistical signifi cance; however, the fact that there was no trend similar to NLST toward fewer deaths from lung cancer is surprising. This is corroborated by fi nding no decrease in the rate of higher stage cancers in DANTE and DLCST, whereas there clearly was in NLST (17 vs 17 patients in DANTE, nine vs nine in DLCST, and 348 vs 457 in NLST had stage IIIB-IV NSCLC in the LDCT imaging vs control arms, respectively). The differing outcomes in DANTE and DLCST could be due to chance alone, to shorter follow-up, or to a lower inherent risk among the screened population. These results suggest that we should be cautious in assuming that the other RCTs of LDCT screening will show the same results as the NLST. Together, the completed, but not yet the highly organized NLST setting, the rate of such events was quite low.
Another concern is the amount of radiation. An appropriately performed LDCT scan (about 1.5 mSv) is less than the average annual background radiation received in the United States (about 3-4 mSv). However, nodules requiring further imaging rapidly drive up the dose these patients receive. The average dose received per participant over 3 years in the NLST is estimated at 8 mSv. Another study found an average exposure of 6.2 to 6.8 mSv, with a maximum of 20 to 22 mSv over 4 years. 49 For comparison, an average of 20 mSv per year and a maximum in any given year of 50 mSv is the limit allowed for at-risk workers. The American Association of Physicists in Medicine recently stated, "Risks of medical imaging at effective doses below 50 mSv for single procedures or 100 mSv for multiple procedures over short time periods are too low to be detectable, and may be nonexistent." 50 From estimates of several offi cial bodies and commissioned studies, 51, 52 which are based on dose extrapolations from atomic bombings and many studies of medical imaging, 53, 54 we estimate that the risk of a radiation-induced cancer in the NLST is approximately one cancer death in 2,500 screened participants. 2 The most serious concern is the risk of death or major complications as a result of screening. Of course, this must be compared with the rate in nonscreened patients and recognize that some deaths may be unrelated events that happened to occur after a screening test. Limited data are available that carefully assesses this concern; the NLST provides the best source of such data at this time. Overall, the frequency of deaths in NLST that occurred within 2 months of a diagnostic evaluation of a detected fi nding was eight per 10,000 individuals screened by LDCT scan vs fi ve per 10,000 individuals screened by CXR. Some deaths were presumably unrelated, as 1.9 and 1.5 per 10,000 occurred within 2 months when the diagnostic evaluation involved only an imaging study. Focusing only on patients who had detected nodules eventually found to be benign, the risk of death or major complications following diagnostic events (including imaging) was 4.1 and 4.5 in the LDCT screening arm vs 1.1 and 1.5 per 10,000 participants in the CXR arm. In summary, there was an appreciable increase in the rate of death or major complications resulting from investigation of screening fi ndings from LDCT imaging and specifi cally in individuals who had only benign lesions. Nevertheless, in 
screened with LDCT imaging who underwent a surgical biopsy or procedure to evaluate a detected nodule at baseline screening. B, Percentage of patients who underwent a surgical biopsy or procedure for a lesion identifi ed at baseline LDCT screening that was found to be benign. *Both surgical and nonsurgical (ie, needle aspiration) biopsies were reported together. See Figure 1 and 2 legends for expansion of abbreviations.
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process and published elsewhere 2 
and are included here for completeness. The majority of panel members at the ACCP Lung Cancer Guidelines (3rd ed) meeting voted in agreement with both recommendation 3.4.1 ( . 80% of panelists) and 3.4.2 ( . 50% of panelists); ACCP Lung Cancer Guidelines (3rd ed)
recommendations require 67% approval as described more fully in the methodology article. 1 
Discussion of Issues Regarding
Screening for Lung Cancer
Participant Selection
At present, the only population for which there is a demonstrated benefi t is that defi ned by the NLST: smokers with at least 30 pack-years of exposure, who are aged 55 to 74 years, and who quit , 15 years ago. It is important to note that there is demonstration of benefi t only for the entire NLST population; the risk of developing lung cancer ranges from about 2% to . 20% over 10 years for individuals at the low or high end of the NLST inclusion criteria, as estimated from risk prediction models. 55, 56 Estimating an average risk for the entire NLST population is difficult from the data reported, but can be estimated to be roughly 10% over 10 years.
Expanding screening to cohorts other than those included in the NLST is probably not warranted at this time unless it is in the context of a research study. In fact, we do not know that those at the lower end of inclusion in the NLST benefi t, much less if screening is extended to even younger participants or to those with less smoking exposure. The fact that DANTE and DLCST, which included patients at lower risk, do not appear to have a similar benefi t should engender caution. 30, 33 Furthermore, expansion to older age groups must take into account an increasing risk of competing causes of death, yet models to estimate this are limited. 57, 58 Maturation of the results of ongoing RCTs of lung cancer screening and examination of details of the NLST participants may provide further insight. Because additional RCTs in other cohorts are unlikely to be conducted, careful modeling studies are needed; several are currently under way. However, until such data are available, expansion of screening to cohorts beyond the NLST outside a research study must be viewed as speculative and not evidence based.
The NCCN has come forth to recommend screening for individuals as young as 50 years with Ն 20 pack-years exposure (apparently regardless of how long after smoking cessation) and one of the following additional risk factors: radon exposure, family history, pulmonary disease history, occupational exposure, or other cancers. 59 Although these are recognized as independent Therefore, the benefi t in preventing lung cancer deaths in NLST is considerably greater than the radiation risk (at least in older individuals given that radiationinduced cancer typically develops 10-20 years later).
Recommendations
For smokers and former smokers who
are age 55 to 74 and who have smoked for 30 pack-years or more and either continue to smoke or have quit within the past 15 years, we suggest that annual screening with LDCT should be offered over both annual screening with CXR or no screening, but only in settings that can deliver the comprehensive care provided to NLST participants (Grade 2B) .
Remark: Screening should be conducted in a center similar to those where the NLST was conducted, with multidisciplinary coordinated care and a comprehensive process for screening, image interpretation, management of fi ndings, and evaluation and treatment of potential cancers.
Remark: Quality metrics should be developed such as those in use for mammography screening, which could help enhance the benefi ts and minimize the harm for individuals who undergo screening.
Remark:
For individuals who have accumulated
*Recommendations 3.4.1 and 3.4.2 were approved through a previous multisociety guideline development
nodule varied from , 10% to . 40% ( Fig 3 ) . 2 More concerning are US hospital statistics in different regions that show great variation in the rate of invasive procedures for pulmonary nodules and nearly twofold differences in the rate of complications from these procedures. 62 The fact that 1.5% to 4% of patients experiencing such complications died during that hospitalization underscores that we must be careful about potential harms beyond that seen in the NLST if screening is implemented more broadly.
An issue is the fact that LDCT screening detects many nodules (varying from 3%-42%). Given the fear of lung cancer that leads people to undergo LDCT screening, there is pressure to investigate these nodules further, even though the majority (around 97%) are benign, and suggests that preemptive counseling is important to avoid unwarranted concern. It also underscores the need for a formal process to be in place to evaluate these lesions thoughtfully. Biopsy of many benign lesions is not appropriate, but lack of action for a growing malignant lesion is also undesirable. The centers at which LDCT screening studies have been conducted (including in the NLST) have had such processes in place. Predetermined algorithms can minimize the number of further imaging studies or invasive biopsies to what is truly necessary. The cost of the process of screening should be reimbursed fairly; establishing a discounted rate as a strategy to capture patients with the rationale that a large number of subsequent procedures and interventions will make up for the initial loss creates a structure that can increase harms from excessive investigation of benign nodules. Furthermore, those who offer only an LDCT scan without being part of a structured multidisciplinary program refl ect a poor understanding of the totality of the process of CT screening.
Potential harms from surgical procedures, especially for benign nodules, are a particularly prominent issue. Nevertheless, although data are only available from a few studies, 26, 63, 64 they show that such risks are quite low, and, in general, appear to predominantly involve risks from major resection of actual lung cancers. 26 In the NLST, the mortality from such resections was 1%, 26 which compares favorably to that reported from specialized thoracic centers. 65, 66 For comparison, in general US databases, mortality of major pulmonary resections is 3% to 5%. [67] [68] [69] [70] This rate is consistent with the observation that the majority of centers involved in both the RCT and the prospective controlled CT screening studies had specialized thoracic surgical services, and many had thoracic surgical training programs. 2 It is well established that video-assisted thoracic surgery (VATS) results in less postoperative morbidity. 69, [71] [72] [73] On average, about 25% of the thoracic surgical procedures were done for benign nodules ( Fig 3 ) . It is much risk factors for lung cancers, most have not been incorporated into a risk prediction model. Therefore, no assessment can be made at this time with regard to the impact of these factors or how high the risk of lung cancer is in the expanded NCCN cohort beyond that of NLST. The NCCN recommendations primarily represent a consensus among the experts at the NCCN centers, as is refl ected in the NCCN grading system. Because the ACCP process requires scientifi c evidence before making a guideline recommendation, the ACCP recommends screening only for the cohort defi ned by the NLST at this time. The ACCP suggests that screening outside a research study for additional cohorts should not be done until further data are available.
The NLST population had a much higher level of education than the average smoking population in the United States 60 and may have affected compliance with both screening and follow-up as well as competing causes of death. Even for participants meeting NLST criteria, a better understanding of how implementation in a broader context would actually work out is needed.
Minimizing Harms
The potential to achieve a 20% reduction in deaths from the cancer that accounts for almost one-third of cancer deaths is a tremendous step forward and may well represent the largest impact on cancer deaths resulting from a single intervention in several decades. Concerns have been raised about potential harms from lung cancer screening, mainly in terms of potential complications from unnecessary procedures done to investigate what are found to be benign, inconsequential nodules. 61 However, the data from the NLST indicate that in the setting in which NLST was conducted, the chance of major harms was very low; the risk of death or major complications following diagnostic events (including imaging) for what turns out to be a benign nodule is 4.1 and 4.5 per 10,000. Furthermore, about one-half of these events occurred when the diagnostic event was only an imaging study, suggesting that in some of these cases, the morbidity and mortality may have been unrelated to screening. 2 Nevertheless, there is reason to be concerned about an increase in harms as CT screening is implemented more broadly. The NLST setting was highly structured, with extensive quality control, and involved sophisticated tertiary medical centers. The same is true for the other RCT studies and cohort studies of LDCT screening for lung cancer. 2 Nevertheless, even in this setting, there is large variability in the percentage of patients who underwent a surgical procedure, and the percentage of patients undergoing a surgical procedure who ended up having a benign e87S results may differ if screening is implemented in a less structured manner. Several of the major organizations that have developed position statements on CT screening have called for implementation of demonstration projects to assess how well LDCT screening can be implemented on a broader basis ( Fig 4 ) . How important various organizational and structural aspects of LDCT screening programs are is unclear and requires study. Furthermore, the impact of the components of a CT screening program as recommended by the major societies is unclear. Such questions could be addressed in demonstration projects and would be important in the development of validated quality metrics.
An issue with the implementation of CT screening is appropriate selection of individuals to be screened. In the setting of a formal study, and in the absence of clear data regarding a benefi t, criteria can be set and strictly adhered to. Given data for a benefi t for some, it is likely to be much more diffi cult to adhere to strict criteria with broader implementation, especially if risk factors not included in the NLST are included. Some risk prediction models have been developed, and some have been validated in certain settings, 55, [74] [75] [76] [77] [78] [79] [80] but applicability on a broad scale needs to be demonstrated. Systems that take into account competing causes of death also need to be developed. 57, 58 Until such tools are well established, adherence to strict selection criteria will be challenging. An important aspect is the ability to reassure individuals who are at low risk and not appropriate for screening that they are, in fact, at low risk instead of leaving them with easier to accept this rate if the procedure is a diagnostic VATS resection rather than a thoracotomy. Because the penetration of major VATS skills is much less among cardiac and general surgeons and outside specialized centers, 67, 68 several organizations, including the ACCP panel, recommend that a good quality screening program include the availability of major VATS ( Fig 4 ) .
Various major societies and organizations active in this arena have issued formal statements outlining components of an appropriate lung cancer screening program. These are summarized in Figure 4 . There is consistency among these recommendations, with the differences being the number of aspects that were addressed. One frequent recommendation calls for the development and implementation of quality metrics to assess whether the screening processes are actually achieving the desired balance of benefi ts and harms. Such metrics are not yet available.
Implementation
Data from one trial show that LDCT screening in a highly structured setting with tightly controlled selection can lead to a decrease in the rate of death from lung cancer. How well these results can be achieved if screening is implemented on a broader scale is unclear. If the process is duplicated, it is reasonable to assume that this will be the case; however, the variability in nodule detection rates and in rates of interventions in different studies and regions in the United States in general raises concern that the results suggests that we at least keep an open mind as further results become available over the coming years.
Another major question is what will be the results of ongo ing screening beyond 3 years. Data from studies underway will help, and modeling studies are needed. Furthermore, studies of the implementation of CT screening are needed to see whether assumptions made from existing data in building models are consistent with what is actually done (ie, participant selection, number and dose of CT scans, compliance). The process of evaluation of screen-detected lesions plays a central role in balancing benefi ts and harms, and this will likely undergo refinement. Ongoing study and adjustment will be necessary as the process evolves.
Other lingering questions include how well LDCT screening can be implemented outside a tightly controlled research setting, as discussed previously. Demonstration projects are the ideal way to evaluate this question. Another issue is to what extent the selection should be extended beyond the NLST criteria. As discussed in a previous section, the results of additional LDCT screening studies and modeling studies are needed. Finally, we have little information about the appearance of lesions that were selected for biopsy or resection in the CT screening studies.
The multitude of additional questions creates a compelling argument that the implementation of CT screening should include a registry; the relatively low event rate for many of the outcomes argues that this should be done as a mandatory, more or less uniform component of screening programs. Funding such an aspect of implementation of LDCT screening is a potential problem, but it is likely to result in cost savings by allowing the process of CT screening for lung cancer to be done in a way that becomes increasingly more effective. Furthermore, a registry would facilitate the tracking of quality metrics; avoidance of poor quality in screening programs should also reduce costs for the health-care system.
Balancing Benefi ts vs Harms
How one views benefi ts vs downsides depends on one's perspective and values. A societal view may place greater emphasis on the costs and the ability to carry out other health-care interventions and be in confl ict with the view of people who carry an elevated risk of lung cancer. Furthermore, in this as in other population health interventions, the harms and benefi ts accrue to different people. A consensus of how to balance different viewpoints is needed.
How individuals view the risk of cancer and risk of radiation or invasive interventions can also vary. It is important that these individual decisions are made the perception of being denied access to a screening program because of arbitrary rules.
The ability to reach the population who is most likely to benefi t from screening is an issue. Data have shown that those with high-risk lifestyles are less interested in screening and even in treatment. 81, 82 Despite the smoking history requirements, the NLST population was not completely representative of the US population at elevated risk due to smoking exposure. 60 Whether a large proportion of those at risk can be reached through educational programs is unclear. Nevertheless, even if the maximal benefi t of CT screening is not achieved because certain at-risk cohorts cannot be reached or because screening is less effective, this would not alter the role in a cohort similar to the NLST.
Another issue with implementation is whether primary-care physicians are able to assume a major role in the selection and management of patients for lung cancer screening. For breast, cervical, and prostate cancer screening, defi nition of the target populations and the screening tests are simpler, as are further investigations of screen-detected abnormalities. The biggest difference may be that general education, systems of care, and quality metrics are well established for breast, cervical, and colorectal screening. However, despite this, the level of understanding of statistics related to screening among primary-care physicians often is limited 4, 5 and may be a particular issue for a new screening test as complex as LDCT imaging for lung cancer. The fact that lung cancer is so clearly linked to a modifi able risk factor (ie, smoking) makes the discussion inherently different from that for breast or colon cancer screening. If primary-care physicians are asked to play the primary role in counseling patients about whether they should be screened as well as in the interpretation of results, a major educational effort is needed. How effectively this can be accomplished would have a major impact on how and how well LDCT screening can be broadly implemented. It may be more feasible to establish an assessment and counseling component staffed by individuals with special lung cancer or screening expertise as the portal of entry into an LDCT screening program.
Lingering Questions
There are many unanswered questions at this point. A major question is whether other LDCT screening trials will demonstrate a reduction in lung cancer mortality. It is unusual to base a major health-care policy change on the results of one study. This is countered to an extent by the fact that the NLST was such a large, well-done study. Nevertheless, the fact that DANTE and DLCST do not mirror the NLST e89S LDCT screening should be suggested to a specifi c cohort of patients in the context of an organized, comprehensive, multidisciplinary program, including a registry to address lingering questions and to track quality metrics (which need to be established). Screening for lung cancer involves a complex interplay of patient selection, counseling, risk modifi cation, an organized process for screening and scan interpretation, and judgment to minimize further testing to only those instances in which it is necessary. The time and infrastructure necessary to carry out such a process must be recognized and supported. With attention to detail and ongoing refi nement of the process, LDCT screening for lung cancer has the potential to have a major impact on the reduction of cancer deaths.
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The American College of Chest Physicians was solely responsible for the development of these guidelines. The remaining supporters played no role in the development process. External supporting organizations cannot recommend panelists or topics, nor are they allowed prepublication access to the manuscripts and recommendations. rationally and not out of fear. Fear should be dealt with through information and reassurance rather than through screening. How best to structure a screening program to accomplish this is not clear. We suggest that a good program offers risk assessment and counseling so that people for whom screening appears not to be appropriate are provided the understanding and reassurance to be comfortable. These discussions are likely to be time consuming and require the participation of individuals with particular knowledge of the issues related to LDCT screening for lung cancer.
Assessing the balance of benefi ts and harms is diffi cult. The NLST demonstrates a clear benefi t. However, the degree of benefi t is undoubtedly associated with the underlying risk of developing lung cancer. Although we have some indications (ie, NLST criteria), details about how to apply this to individuals are lacking. We need to understand why DANTE and DLCST results differ from those of the NLST. The procedure-related harms of LDCT screening in the controlled studies appear to be low, but the data are limited. Estimating other risks (eg, psychologic, smoking rate, radiation) is even more diffi cult. It is likely that there is a cohort that will benefi t and other cohorts that will not, but it is diffi cult at present to assess the balance for the overall population (as defi ned by NLST criteria, DANTE, or DLCST or by extended criteria). Furthermore, how broader implementation and prolonged screening will affect benefi ts and risks is diffi cult to assess at this time.
Taken together, these considerations lead us to suggest screening for patients meeting the NLST criteria, when done in a manner similar to the NLST, but with a level 2 rating because of uncertainty regarding the impact of implementation on how clearly and in what circumstances benefi ts outweigh risks. The panel anticipates that this may well change with further data , and this guideline will be updated as enough data accrue to alter the recommendations or grading thereof.
Conclusion
Lung cancer is by far the leading cause of cancer deaths mainly because of the high proportion of lung cancers diagnosed in an advanced stage. CXR and sputum analysis have not been of benefi t as screening tools for lung cancer. However, there is a great deal of excitement and enthusiasm about LDCT screening, and emerging data from maturing studies show promise for a substantial reduction in advanced stage cancers and, thereby, the reduced number of people dying of lung cancer. A systematic review of the evidence available, however, also discloses areas of uncertainty and unanswered questions.
